ABSTRACT Peaches and nectarines are frequently attacked by the green peach aphid Myzus persicae (Sulzer), with signiÞcant negative impacts on fruit production. The genetic variability of resistance to this aphid among commercial cultivars of Prunus persica (L.) Batsch and Prunus persica variety nectarina was evaluated in this study. In total, 16 cultivars of P. persica were selected to evaluate the occurrence and population growth rate of M. persicae in commercial orchards, as well as in no-choice and probing behavior laboratory assays. The results showed variability between cultivars in resistance and susceptibility to M. persicae, with three cultivars exhibiting different signatures of resistance. The peach cultivar ÔElegant LadyÕ exhibited a low occurrence of aphids in the orchard, a low rate of growth, moderate leaf-rejection in a no-choice test and a higher number and longer period of salivation into sieve elements, suggesting resistance at the phloematic level. The nectarine cultivar ÔAugust RedÕ also exhibited low aphid occurrence in the orchard, a low rate of growth, and resistance at the prephloem and phloem levels. Finally, the nectarine ÔJuly Red-NS92Ј exhibited a low occurrence of aphids in the orchard, a higher number of rejections in no-choice assays and no ingestion of phloem during the probing behavior experiments, suggesting prephloematic resistance. The rest of the cultivars studied exhibited clear susceptibility. Hence, different resistance mechanisms are apparent among the studied cultivars. The information gathered in this study regarding the resistance to M. persicae may assist breeding programs aimed at increasing aphid resistance to peaches and nectarines.
Peaches (Prunus persica (L.) Batsch) and nectarines (Prunus persica variety nectarina) are two of the most important fruits in the world. There is a continuous development of new cultivars with the characteristics required by producers and consumers (Sherman et al. 1996 , Infante et al. 2008 . However, as with all tree fruits, peaches and nectarines are affected by a number of pathogens and insect pests whose inadequate control may affect fruit yields up to 2 yr. One of the most important pests of peaches and nectarines worldwide is the green peach aphid Myzus persicae (Sulzer) (Hemiptera: Aphididae), which is a generalist aphid that uses P. persica trees as a primary host and species from Ͼ40 plant families as secondary hosts (Blackman et al. 2000) . The green peach aphid produces leaf curling and stunting and devitalization in stems and reduces fruit quality by altering the fruit growth pattern , Penvern et al. 2010 . In addition, this aphid species is responsible for transmitting the Plum pox potyvirus to P. persica (Isac et al. 1998) . A wide range of insecticide resistance mechanisms have also been reported in this aphid species (Field et al. 1988 , Moores et al. 1994 , Blackman et al. 1995 , Foster et al. 1998 , MartinezÐTorres et al. 1999 , Bass et al. 2011 . Thus, breeding programs would gain from information regarding resistance variation to M. persicae among different commercial peach and nectarine cultivars.
Peach and nectarine resistance mechanisms to aphids, as well as to other pests and diseases, have been intensively studied (Kervella et al. 1998; Monet et al. 1998; Pascal and MonteuxÐCaillet 1998; Sauge et al. 1998a Sauge et al. ,b, 2011 Lambert and Pascal 2011) . Studies addressing peach and nectarine resistance to M. persicae have used performance experiments based on the intrinsic rate of natural increase r m (Le Roux et al. 2007 ), monitoring of probing behavior (EPG) (Sauge et al. 1998a , Pompon et al. 2010 and no-choice testing (Sauge et al. 1998b , Margaritopoulos et al. 2005 . EPG studies have produced reliable information concerning the location of the resistance mechanisms. For example, these types of experiments located the resistance mechanism of the ÔMalo KonareÕ peach cultivar in the vascular system and found it to provide antibiosis resistance, whereas antixenosis was suggested for the ÔWeeping Flower PeachÕ cultivar (Monet and Massonié 1994 , Monet et al. 1998 , Sauge et al. 1998a . Similarly, by monitoring probing behavior of M. persicae on the ÔRubiraÕ cultivar, antixenosis was found to be reinforced by induced resistance (Sauge et al. 1998b . Genes conferring monogenic resistance to this aphid have been described for the Weeping Flower Peach and Rubira cultivars Massonié 1994, Lambert and Pascal 2011) . However, studies on the wild Prunus species, P. davidiana, suggested that this cultivar appears to have a phloembased resistance mechanism (Sauge et al. 1998a,b) . Hence, the resistance mechanism of Prunus to M. persicae is likely different depending on the cultivar or species. Information regarding resistance patterns of currently used commercial cultivars of peaches and nectarines would provide knowledge on aphid management for commercial cultivars in general and to breeding programs that include commercial cultivars.
In Chile, M. persicae produces serious damage to P. persica (peaches and nectarines) plantations (Rosales et al. 1998 , Reyes et al. 2003 . The implementation of Integrated Fruit Production (IFP), which was adopted to reduce the quantity of chemical inputs used to protect crops from the green peach aphid (Grechi et al. 2008) , is a promising alternative to the conventional pest management system because, although damage and disease is higher than in the conventional system, the aphid remains under the tolerable threshold for economic damage (Cooper et al. 2001) . IFP is suitable in cases in which resistance variation of commercial cultivars is known.
This study aimed to determine the variation in resistance mechanisms to attack by the M. persicae on several commercial cultivars of P. persica, including peaches and nectarines commonly planted in central Chile. Because measuring herbivore response in terms of performance, preference or probing behavior is an integrative and functionally relevant estimate of resistance (Leimu and Koricheva 2006) , herein we report results on 1) the occurrence of M. persicae in commercial orchards, 2) performance variation (population growth rate) of M. persicae on these cultivars during two seasons in the orchards, and 3) laboratory assays assessing the rejection of M. persicae for these cultivars, which included no-choice experiments and probing behavior recordings.
Materials and Methods
Aphid Occurrence on P. persica Orchards. Between August 2007 and March 2008, 15 orchards of various peach and nectarine cultivars were monitored to assess the presence of the M. persicae (Table 1) . These cultivars are widely cultivated in central Chile, and their fruit is exported mostly as fresh fruit to several markets. The orchards were located in the Quinta de Tilcoco district, the Cachapoal province, and the OÕHiggins Region in Chile. For each cultivar, 100 randomly selected trees (planted with 3.5 m between rows and 2 m between trees within rows) were sampled every 15 d after a diagonal transect line. One branch per tree was visually assessed for the presence of aphids. The occurrence of aphids was estimated as the mean proportion of aphid-infested trees. In total, 16 sampling dates were undertaken. The data were obtained from orchards under Good Agricultural Practices (GAP) certiÞcation. These orchards were under conventional pest management, and aphid occurrence was a result of natural aphid arrival in the orchards.
Experimental Plants. All of the experiments were performed with the commercial cultivars of P. persica used for the aphid occurrence study (see above). The age of trees used varied from 6 to 11 yr old, and all trees were grown on ÔNemaguardÕ rootstocks. Different peach and nectarine cultivars were used for different types of assays, as listed in Table 1 . The selection of these cultivars reßected their current use by most Chilean growers (Gratacó s 2004) and their availability in the commercial orchards during the study period.
Performance Variation. During the spring and summer of 2009 Ð2010 and 2010 Ð2011, 10 orchards of various P. persica cultivars were selected for performance assays (Table 1) . Within each orchard, Þve contiguous 
Nectarine X a Studies performed during season 2007Ð2008. b These cultivars were used only in no-choice because insecticides applications in the Þeld could not be avoided.
individual trees, planted in the same row, were selected for experimentation and excluded from the application of pesticides. To avoid the effect of pesticide drift resulting from regular sprays on the assays, three additional adjacent rows contiguous to the selected trees were also excluded from pesticide application. In each of the Þve trees of each cultivar, three branches (Ϸ30 cm) with at least Þve extended leaves were selected and marked. The insects used for performance assessment were adults of M. persicae originating from a multiclonal stock colony composed of a set of individuals randomly collected the same day of the assays from the 10 different P. persica cultivars. This approach ensured the availability of a wide genetic variation in the aphid populations. On each of the selected tree branches, 10 wingless adults from the stock colony were placed on the adaxial side of a leaf, while the rest of the branch was protected with mesh bags from natural enemies and from the released aphids. All branches were removed after 7 d and transferred to the laboratory for aphid counting. The number of aphids on three branches was averaged to obtain one value per tree (n ϭ 5). Performance of M. persicae in each cultivar was calculated using population growth rate (PGR), which allows an estimation of the developmental rate and nymphal mortality (Gotelli 2001), which is calculated as (ln N 2 Ϫ ln N 1 )/ (t 2 Ϫt 1 ), where N 1 is the initial number of aphids, N 2 is the Þnal number of aphids, and (t 2 Ϫ t 1 ) is the number of days of the experiment (7 d).
No-Choice Test. Young shoots with at least 10 leaves were collected from 14 P. persica cultivars (Table 1) , placed into pots with 300 ml of water and maintained under controlled conditions (20ЊC Ϯ 2 and a photoperiod of 16:8 [L:D] h) in a growth chamber. One leaf from each cultivar was extracted from the shoot, and the petioles were covered with humid cotton to avoid dehydration. Each leaf was placed in a petri dish (10 cm diameter), and 10 wingless adult aphids of M. persicae were gently placed on the adaxial side of the leaves. The M. persicae individuals that were used were obtained from a multiclonal stock colony maintained on sweet-pepper Capsicum annumm L. for at least three parthenogenetic generations before the nochoice tests. The number of individual aphids on the leaves, aphids walking outside the leaves and dead aphids were registered at 1, 2, 3, 6, 12, and 24 h after the start of the experiments. In total, 15 replicates per cultivar were conducted.
Aphid Probing Behavior. The electron penetration graph (EPG-DC) technique was used to assess the probing behavior of M. persicae on the P. persica cultivars. In this technique, the insect and the plant are both part of an electrical circuit. EPG ampliÞes voltage ßuctuations resulting from the insect-plant interaction, producing waveforms that are stored and analyzed. Different types of signals are emitted depending on the location and activities performed by the aphid stylet inside the plant tissue Esch 1993, Alvarez et al. 2006) . Acceptance (e.g., sustained phloem ingestion) or rejection (e.g., no penetration of stylet) may reßect differences in the levels of resistance among cultivars (Sauge et al. 2006) . Using the EPG technique, it is also possible to recognize different waveforms, such F, which reßects stylet difÞcul-ties during penetration at the epidermis/mesophyll level; C, which indicates intercellular penetration by the stylet; E1, which is associated with salivary secretion into the sieve elements; E2, which indicates sap ingestion; and pd, which corresponds to potential drops because of intracellular stylet tip punctures when the stylet passes through membrane cells. These drops can be divided into subphases I, II-1, II-2, II-3, and III (Powell 2005 , Tjallingii 2006 , Tjallingii et al. 2010 . These waveforms are usually recorded as the number of events or their duration, which allows the computation of many nonsequential or sequential behavioral parameters (Van Helden and Tjallingii 2000) . These parameters are used to estimate the relative importance of prephloematic, phloematic, or all tissue factors affecting aphid probing behavior and accordingly reßecting different levels of plant resistance.
EPGs were performed on branches free of aphids of different P. persica cultivars (Table 1) , which were collected from the orchards mentioned above and transported to the laboratory. To keep the leaves fresh during the EPGs, the stems of the experimental branches (Ϸ15 cm) were submerged in a Pasteur pipette modiÞed to contain water. The aphids used were obtained from a multiclonal stock-colony of M. persicae reared on sweet pepper and maintained under controlled conditions at 20ЊC Ϯ 2 and a photoperiod of 16:8 (L:D) h. For the EPGs, each aphid was initially immobilized with the help of a vacuum pump, and an electrode (4 cm of gold wire and 18 m diameter) was attached to the dorsum with a silver conductive adhesive (colloidal silver, Ted Pella, Inc., Redding, CA). Another electrode (2 mm copper wire) was introduced into the Pasteur pipette containing P. persica branches. Before each recording, the aphids were starved for 15 min and then connected to the ampliÞer Giga 4. Both electrodes were then connected to a DC circuit and recorded continuously for 4 h. The voltage ßuctuations were recorded using the program PROBE 3.4 (F. Tjallingii, Laboratory of Entomology, Wageningen University, Netherlands). Six to 18 replications were performed for each cultivar over 4 h. For the data analysis, the Excel Workbook for the automatic calculation of EPG parameters was used (Sarria et al. 2009 ). This workbook produced sets of parameters according to the factors involved (e.g., epidermal factor, prephloem factors, xylem factors, phloem factors, and all tissues factors), which can be further analyzed.
Statistical Analysis. Aphid occurrence data were analyzed with KruskalÐWallis analysis of variance (ANOVA) on ranks. Performance data from summer 2009 and spring 2010 were analyzed with one-way ANOVA for repeated measures of ranked data, with years as repeated measures. The no-choice test was compared with a generalized linear model with a Poisson distribution using STATISTICA 10.0 (StatSoft 2004). For EPG, multivariate analyses of variance (MANOVA) to determine whether a signiÞcant difference existed among cultivars were performed for each set of parameters, followed by Tukey test for multiple comparisons. EPG parameters with non-normal distribution were normalized using ln (x ϩ 1). Parameters that could not be normalized were analyzed with KruskalÐWallis nonparametric ANOVA, followed by multiple comparisons. Given that KruskalÐWallis tests, unlike MANOVA, do not include possible correlations between parameters, correlations were independently assessed. To assess whether any of these EPG parameters correlated with PGR of aphids, a multiple regression analysis using these parameters as predictor variables and the PGR of aphids as the dependent variable was performed. In addition, EPG parameters differing among cultivars (Table 2) were subjected to principal component analysis (PCA) to separate susceptible from resistant cultivars and to Þnd which of these parameter were more associated with resistance . These analyses were performed using SPSS 11.5 for Windows (SPSS 2001) .
Results
Aphid Occurrence in P. persica Orchards. The P. persica cultivars that were monitored, including peaches and nectarines, exhibited relatively similar proportions of aphid occurrence, with Ϸ1 to 3% of (Fig. 1) , although there was signiÞcant variation among cultivars (H ϭ 24.76; P ϭ 0.037). Only the nectarine cultivars ÔAugust RedÕ and ÔSummer BrightÕ exhibited a higher proportion of infestation, with over 20% occurrence. It is important to mention that the presence of the parasitoids Aphidius colemani and Aphidius rhopalosiphi (Hymenoptera: Braconidae) was detected in low abundances in some cultivars, but their prevalence could not be assessed. Performance Variation. M. persicae displayed signiÞcant variation in PGR on different P. persica cultivars (F ϭ 5.32; df ϭ 9,39; P Ͻ 0.001), with signiÞcant effects for year (F ϭ 7.49; df ϭ 1,39; P Ͻ 0.001) and the year ϫ cultivar interaction (F ϭ 10.65; df ϭ 9,39; P Ͻ 0.001). Only ÔFlavor Crest,Õ ÔSeptember Sun,Õ and ÔWhite LadyÕ exhibited a different PGR between years (Fig. 2) . However, independent of the year (Fig. 3) , the cultivars White Lady, ÔCal Red,Õ ÔJuly Red-N92,Õ ÔDu23,Õ and September Sun exhibited similar high PGRs, while ÔAugust RedÕ and ÔSummer Free-N18Ј cultivars exhibited similar low PGRs (Fig. 3) . No-Choice Test. After 24 h, there were signiÞcant differences among cultivars in the number of aphids off of the leaves (GLM, Poisson: Wald 2 ϭ 35.4; df ϭ 14; P ϭ 0.001; Fig. 4 ). ÔJuly Red-NS92Ј had the highest number of aphids off of the leaves, although ÔArtic Snow,Õ ÔSummer Bright,Õ ÔSweet September,Õ and ÔAu-gust PearlÕ had also higher values of rejection. Flavor Crest and Summer Free-N18 had the lowest number of aphids off of their leaves (Fig. 4) . All other cultivars exhibited values between these contrasting cultivars.
Aphid Probing Behavior. Among the parameters related to prephloem factors, MANOVA showed signiÞcant differences among cultivars (Wilks lambda ϭ 0.2980; F ϭ 1.906; df ϭ 60; P Ͻ 0.001), with the duration of the nonprobe period before the Þrst phloem phase (E) and mean duration of pd showing signiÞcant differences among cultivars ( Table 2 ). The duration of the nonprobe period before the Þrst E exhibited the lowest value in ÔElegant LadyÕ and the highest value in August Red, whereas the mean duration of pd exhib- (Table 2) . Following the analysis of the parameters with a nonparametric univariate test, the total duration of F (H ϭ 35.52; P ϭ 0.0001) and mean duration of F (H ϭ 34.64; P ϭ 0.0001) showed differences among cultivars. These two parameters are associated with stylet difÞculties during penetration at the epidermis/mesophyll level; both were similarly lower in the July Red-NS92, Elegant Lady, and White Lady cultivars, while August Red exhibited the highest values (Table 2 ). Both parameters also correlated signiÞcantly with each other (r ϭ 0.99; P Ͻ 0.05). However, the mean duration of subphases II-2 of pd (H ϭ 33.73; P ϭ 0.0002) and mean duration of subphases II-3 of pd (H ϭ 26.87; P ϭ 0.0027) were also signiÞcantly different among cultivars (Table 2) , with the mean duration of subphase II-2 of pd showing the lowest values in August Red, Summer Bright, and July Red-NS92 and the highest values in Elegant Lady. The mean duration of subphase II-3 of pd showed the lowest value in Arctic Snow and the highest values in Elegant Lady and White Lady. In addition, the mean duration of subphase II-2 correlated with the mean duration of subphase II-3 (r ϭ 0.61; P Ͻ 0.05). The results for the duration of subphases II-1, II-2, and II-3 of pds in all cultivars are shown in Fig. 5 .
All parameters related to phloem factors were analyzed using a nonparametric univariate test, resulting in values for the number of E1 (H ϭ 24.63; P ϭ 0.006), duration of Þrst E (H ϭ 21.31; P ϭ 0.0191), and total duration of E1 (H ϭ 22.90; P ϭ 0.01), with signiÞcant differences among cultivars ( Table 2 ). The number of E1 showed the lowest value in August Red and the highest values in Elegant Lady and White lady. The duration of the Þrst E exhibited the longest time in Cal Red, while July Red-NS92 was the shortest (Table 2 ). The total duration of E1 showed the lowest values in August Red and the highest values in Elegant Lady. Correlations were found between the following parameters: the number of E1 with duration of Þrst E (r ϭ 0.85; P Ͻ 0.05), the number of E1 with total duration of E1 (r ϭ 0.74; P Ͻ 0.05), and the duration of Þrst E with total duration of E1 (r ϭ 0.98; P Ͻ 0.05). It is worth noting that M. persicae did not exhibit phloem ingestion (E2) in July Red-NS92, Arctic Snow, and September Sun during the recording phase.
For the parameters related to all tissue factors, MANOVA showed signiÞcant differences among cultivars (Wilks lambda ϭ 0.214; F ϭ 1.53; df ϭ 90; P Ͻ 0.003; Table 2 ). Among these parameters, total duration of pd showed the highest values in White Lady and Elegant Lady and the lowest value in Arctic Snow. Time from the beginning of the Þrst probe to Þrst pd exhibited the highest value in Flavor Crest and the lowest value in Cal Red (Table 2) . Following analysis of the parameters using a nonparametric univariate test, the total duration of the nonphloematic phase (H ϭ 22.83; P ϭ 0.0114), time from start of EPG to Þrst E2 (H ϭ 17.12; P ϭ 0.0716), time from Þrst probe to Þrst E2 (H ϭ 16.94; P ϭ 0.0756), time from the beginning of the probe reaching to Þrst E2 (H ϭ 15.50; P ϭ 0.1148) and average duration of pd during the third hour (H ϭ 35.7; P ϭ 0.0001) exhibited signiÞcant differences among cultivars (Table 2) . Total duration of the nonphloematic phase showed the highest value in Summer Bright, while the lowest value was found in August Red. Time from start of EPG to the Þrst E2, time from the Þrst probe to the Þrst E2 and time from the beginning of the probe reaching the Þrst E2 exhibited the highest value in Artic Snow and the lowest value in Elegant Lady. In addition, average duration of pd during the third hour showed the longest value in the cultivars White Lady and the shortest values in August Red and July Red-NS92. A signiÞcant correlation was found for time from the beginning of the Þrst probe to the Þrst pd and time from the beginning of Þrst probe to the Þrst E2 (r ϭ 0.23; P Ͻ 0.05). Similarly, time from the start of EPG to the Þrst E2 and time from the beginning of Þrst probe to the Þrst E2 correlated signiÞcantly (r ϭ 0.81; P Ͻ 0.05). The mean duration of subphase II-1 was the only EPG parameter that correlated signiÞcantly with PGR (r ϭ 0.32; P Ͻ 0.001).
The PCA analysis with varimax normalized rotation, including 16 EPG parameters and 11 cultivars, showed four principal components with 35.6, 21.9, 16.3, and 11.5% explained variance and a cumulative variance of 85.3% (eigenvalues Ն1). The PC1 and PC2 components of scores and loading (Table 3 ; Fig. 6A,B) showed that the Elegant Lady cultivar was mostly associated with a longer total duration of E1 and a higher number of E1 (high score on PC1). In addition, August Red was associated with a longer total duration and mean duration of F and duration of Þrst E (high score on PC2). However, July Red-NS92, Arctic Snow, and September Sun were associated with a longer time from the beginning of the Þrst probe, longer probe periods before the Þrst E and a longer time from the start of EPG to Þrst E2 (high scores on PC1).
Discussion
By estimating its occurrence in peach and nectarine orchards, measuring PGR, monitoring leaf rejection (no-choice test), and monitoring probing behavior in laboratory assays, we determined an integrated assessment of variation in resistance to the aphid M. persicae among a set of commercial cultivars of P. persica. Considering the evidence, the resistance or susceptibility status of a given peach or nectarine cultivar depends on the data type. Nevertheless, taken together, some cultivars exhibited distinct resistance to M. persicae.
Aphid occurrence in the orchards yielded important insight into susceptibility rather than resistance. Here, August Red and Summer Bright showed the highest values of aphid occurrence (Fig. 1) , although most of the cultivars exhibited a low occurrence. However, aphid occurrence in the orchards may mask the genetic variation in resistance to aphids because the orchards studied were under conventional pest management. To determine the status of resistance of each cultivar, it is useful to evaluate the results from different manipulative experiments at the performance, no-choice or probing behavior level. For instance, the cultivar Summer Bright exhibited the highest occurrence of aphids in the orchards, that is, the highest susceptibility to aphids. However, a no-choice test showed an intermediate resistance (Fig. 4) for Summer Bright, while probing behavior assays revealed moderate susceptibility (Table 2) for this cultivar. Nevertheless, some cultivars exhibited a similar tendency both in aphid occurrence in the orchards and in manipulative experiments. For example, the cultivar Elegant Lady exhibited a low aphid occurrence with 2.3% of infested buds (Fig. 1) , while it ranked as the lowest cultivar in PGR of M. persicae. The no-choice experiment showed an intermediate resistance for Elegant Lady (Fig. 4) , and EPG data were characterized by a higher frequency and longer duration of salivation into the sieve elements (waveform E1). Thus, Elegant Lady displays signatures of resistance across most of the studies performed. However, this was not the case for all cultivars.
An overview of the evidence obtained using the manipulative experiments (performance, no-choice, and EPG) may facilitate the discovery of the most resistant cultivars. Regarding the performance variation experiments (PGR), two tendencies were apparent among cultivars (Fig. 3) : White Lady and Cal Red exhibited susceptibility to aphids, while Elegant Lady was the most resistant to aphids. Because these results reßect 7 d of reproduction, such resistance is most likely the result of an antibiotic effect. The results from the no-choice assay showed a completely different trend, with only 20% of aphids rejecting the leaves after 24 h, which is an indicator of high susceptibility. However, in these experiments, the aphidÕs rejection of the July Red-NS92 cultivar was higher, suggesting a strong antixenotic effect. For the EPG results, varying resistance or susceptibility statuses were deÞned according to the plant factor involved (Table 2) . Because EPG parameters can be useful in identifying the tissues containing putative resistance factors (Tjallingii 1995) , a detailed analysis of the EPG results may help elucidate the antibiotic and antixenotic components of the resistance mechanisms. Because EPG data are used to produce many different nonindependent parameters, which are associated with different resistant factors, a global multivariate view may help reduce this complexity. The results from the PCA analysis (Fig. 6A,B) suggest that Elegant Lady is a resistant cultivar that is associated with the variables correlated with frequent and longer salivation into the sieve elements (E1), which is an indication of phloematic factor acting on resistance. August Red exhibited resistance associated with the presence of the styletÕs penetration difÞcul-ties (F) and a longer duration of the Þrst phloem phase, indicating both the presence of prephloematic and phloematic factors. Finally, July Red-NS92 showed resistance associated with a lack of phloem ingestion (E2) and all tissues parameters, indicating the presence of prephloematic factors.
EPG allowed a detailed view of the pattern of cell punctures within plant tissues (Tjallingii et al. 2010) , which may aid in discerning factors involved in resistance. Using this information, the mean duration of the subphases of pds were analyzed. August Red, which was found to possess prephloematic resistance, showed a short duration of pds (Table 2 ; Fig. 5 ), Fig. 6 . Principal components analysis with varimax normalized rotation for the EPG study of M. persicae probing on several P. persica cultivars. Panels shows two principal components (PC1 vs. PC2) for (A) scores of cultivars and (B) loading for parameters. EPG parameters are numbered as described in Table 2. particularly in subphase II-2. It is interesting to note that M. persicae showed the second lowest performance in August Red. A short pds may be associated with the presence of intracellular metabolites that induce the rapid withdrawal of stylets (Powell et al. 2006) . The role of subphase II-2 is unknown (Tjallingii et al. 2010) . No further conclusion could be drawn from this detailed view for the Elegant Lady and July Red-NS92 cultivars.
Elegant Lady exhibited resistance mostly because of phloematic factors. It is particularly interesting to note that in this cultivar, salivation after sieve element puncture (E1) correlated negatively with PGR, which has been found to occur more frequently in aphidresistant plants (Klingler et al. 1998 , Ramṍrez and Niemeyer 1999 , Tjallingii 2006 . A higher number and duration of E1 were also found in other peach cultivars, such as the wild peach P. davidiana, which is highly resistant to aphids (Sauge et al. 1998a ). However, July Red-NS92, in addition to the lack of phloem ingestion and longer time to commit salivation into the sieve element, exhibited strong prephloematic resistance, as shown by no-choice assays. However, the performance experiment showed a positive PGR in this cultivar, suggesting that despite an initial antixenotic effect, aphids are likely able to develop induced susceptibility under such experimental conditions, as shown in other aphid-plant systems (Karban and Baldwin 1997 , Prado and Tjallingii 1997 , Gonzales et al. 2002 .
It is worth noting that the lack of congruence between performance and EPG experiments may be because of the large difference in the time windows involved between both assays. However, the studies performed allowed the identiÞcation of the putative origins of the resistance. Other studies addressing the M. persicae-P. persica interaction have also identiÞed cultivars with contrasting susceptibility or resistance statuses based on different experiments. A low resistance for the peach cultivar ÔGF305,Õ minor resistance for the ÔSummergrandÕ and Malo Konare cultivars, and moderate resistance for the Rubira and Weeping Flower Peach cultivars to M. persicae were found (Sauge et al. 1998a,b; Sauge 1998) . In addition, accessions of the wild species P. davidiana were found to be highly resistant to M. persicae. In these cultivars, resistance appears to be based on antibiosis (Malo Konare and P. davidiana) and antixenosis (Rubira and Weeping Flower Peach). The genetic basis of this response has previously been identiÞed Massonié 1994, Lambert and Pascal 2011) . The commercial cultivars studied herein are very likely to possess the same genetic basis; however, additional studies are necessary to determine the presence of such a genetic basis.
Peaches and nectarines did not exhibit a major difference in their resistance to aphids. Nevertheless, this may not be the case when aphids attack directly on fruits. Nectarine fruits are glabrous and are apparently more attacked by aphids than peaches (data not shown). However, a slightly higher resistance was found in nectarines because more cultivars of this variety showed low performance and leaf-rejections in no-choice testing. It should be noted that this study only assessed constitutive resistance, although induced resistance has been shown to occur on different cultivars of P. persicae and related species (Sauge et al. 2006) . Further studies should attempt to identify induced responses to the attacks of M. persicae on these cultivars, which would aid in understanding the resistance of P. persica varieties and cultivars to the M. persicae attacks and aid future breeding programs to improve these cultivarsÕ resistance to pests and diseases.
